ABSTRACT: The soil attributes can affect the wood quality of eucalypt, which may result in considerable effect on cellulose production. This study evaluated the effect of different physical and chemical soil attributes on wood quality of Eucalyptus grandis for cellulose production. Five sites were selected at the Western Plateau of the State of São Paulo, planted with one clone of Eucalyptus grandis, with ages ranging between 6.5 and 7.0 years. Four soil types, with texture ranging from sandy to very clayey were found. At each site, three experimental plots were allocated with 100 trees each. Trees representative of each class frequency of diameter at breast height were harvested. Their biomass and wood components were characterized. The wood productivity and quality was affected by physical attributes of soil, mainly clay content, which is directly related to the amount of available water. Basic wood density did not changed at different soil types. Total lignin content decreased and holocellulose content exponentially increased as soil clay content increased (until about 350 to 400 g kg -1 of clay 
INTRODUCTION
Forestry research has driven efforts to increase wood productivity, with compatible quality to suit the needs of pulp and paper production plants. For example, genetic breeding studies, which have classically focused on wood productivity gains, turned to the quality of wood in selected genotypes, demonstrating the potential in yield gains in the pulp production process (Wright, 1991) . However, studies focused on wood quality with respect to basic density have been more common (Zobel & Jett, 1995) , whereas the chemical, anatomical, and physical aspects of wood are also important for pulp production.
Besides the emphasis given in breeding programs, wood quality has been studied with regard to its relation with environmental aspects, such as climatic conditions, chemical and physical soil attributes, and tree nutrition. Results have demonstrated significant environmental effects on wood quality (Ferreira et al., 1978; Tomazello Filho, 1985; Vale et al., 1995; Barcellos et al., 2005) . The influence of the environment on wood quality still deserves more detailed studies, extended to the pulp production process. The practical benefits of this have been reported in several papers (Retief et al., 1997; Du Toit et al., 2001) . In most of these studies, the influence of the environment on wood quality for pulp production has been characterized by very generic variables related to the quality of the location. Likewise, most studies dealing with the influence of management practices (fertilization, for example) on Eucalyptus grandis wood quality generically evaluate the influence or not of the practice (Higgs & Rudman, 1973; Wilkins & Kitahara, 1991; Punches & Country, 2004) or of the adoption of one or other fertilizer source (Bamber et al., 1982) .
Thus, the identification of more specific variables for the site, such as soil attributes that determine wood quality is required. The objective of the present study was to evaluate the effect of different physical and chemical soil attributes on wood quality of Eucalyptus grandis for cellulose production. combined into compound samples, which were airdried, homogenized, pounded to break up clods, and sifted (2 mm sieve). The evaluations included: pH in CaCl 2 0.01 mol L -1 , organic C, extractable P and S-SO 4 2-, and exchangeable Ca, Mg, K and Al (Raij et al., 2001 ). The analysis of soil texture was performed according to Camargo et al. (1986) . Five single samples per plot were collected to determine the soil water availability. Rings with a 50 mm diameter by 50 mm height were used, and samples were taken at 10 -30 cm layer. After saturation with water, these samples were submitted to potentials of -0.01 and -1.5 MPa, using pressure values applied to porous-plate apparatuses (Klute, 1986) . Once drainage stopped and when apparent hydraulic equilibrium was reached, the samples were weighed and then dried in an oven at ± 105°C for 24 hours, for bulk density determination (Blake & Hartge, 1986) .
MATERIAL AND METHODS
One medium-sized tree from each DBH class was felled per plot. Dendrometric evaluations were done for all felled trees: commercial (until a minimum diameter of 6 cm) and total stem height, and DBH. Twelve disks were cut from the stem with thickness of approximately 2.5 cm. Two disks were obtained from the tips (base and top), one disk at the height of DBH, and nine disks at every 10% of the tree's commercial height. Diameter measurements were obtained for each disk (with and without bark) and the basic density was determined by the hydrostatic balance method (ABTCP, 1974) . The solid volume of each tree was calculated based on the information from the measurements made at every 10% of commercial height, using Smalian's formula:
where Vt is total volume; L is log length; and D is log Thorntwaite & Mather (1955) at the experimental sites in different municipalities.
Mean annual temperature (T), rainfall (PP), potential evapotranspiration (ETP), water excess (EXC) and deficit (DEF) are presented (period from 1990 to 2004). A soil storage capacity of 125 mm of available water was assumed. diameter. The dry wood and bark masses were obtained by multiplying the basic densities obtained for the disks by the calculated volume.
The stems of each tree were individually chopped in an industrial tree chopper. The chips thus obtained were classified into thicknesses ranging from 2 to 5 mm and lengths varying between 2.5 and 3.0 cm and the compound samples per plot were then submitted to pulping. The pulping conditions were established by fixing the kappa number at 17 ± 0.5, at a cooking temperature of 165°C. A temperature ramp time of 90 minutes was adopted, and the maximum temperature was reached in 60 minutes. Cooking liquor sulfidity was 24%, and the alkali load was variable and adjusted as needed to reach the desired Kappa number.
Air-dried compound samples of chips from each tree were separated and ground in a Willey brand mill. The resulting sawdust was classified through sieves to yield a sample in the fraction between 40 and 60 meshes. Samples of each tree were analyzed to: a) total extractives and b) total lignin (Gomide & Demuner, 1986) . The holocellulose content was obtained by the equation: 100 -(Total extractives + Lignin %).
The data were submitted to descriptive statistical analysis, analysis of variance (ANOVA), and regression analysis. The regression equations were selected based on the adjusted coefficient of determination (R 2 ), residual standard error (s) values, and on the graphical analysis of residues. The statistical programs used in the analyses were SAS (1996) and SIGMAPLOT (2002) .
RESULTS AND DISCUSSION
The tree growth was directly associated with the soil type and textural classes (Figure 2) . The lowest growth was recorded in the Quartzipsamment, while the highest was recorded in the very-clayey Hapludox. Soil texture has been reported as the most important attribute to explain the soil's productive potential (Braga et al., 1995) .
Exponential relations were found between the mean annual increment (MAI) of wood (volume and mass) and clay content (Figure 3) . Productivity increased markedly up to clay values between 350 and 400 g kg -1 , and then tended to become stabilized. Significant correlations between forest productivity and soil clay content were found by several researchers (Bowersox & Ward, 1972; Braga et al., 1995) . The positive influence of clay content on productivity is mainly due to increase of available water content in the soil (Figure 4) . Lopes (1977) also found higher Zakia, 1998; Lima et al., 2003) . Because of this, the soil's water regime is one of the most important factors that determine productive capacity (Melo et al., 1995; Leite, 1996) . The smallest productivity increases related to clay content were observed in the sandyand loamy-textured soils, which showed pronounced internal drainage and low water holding capacity, thus being more susceptible to water deficit (Gonçalves, 2002) . No significant relationship was verified between wood mass (MAI) and soil P, Ca and K contents. The best correlations were found for organic matter, exchangeable Al, and effective CEC, but it normally presents high correlation with soil clay contents (Schimel & Parton, 1986) . The mean basic wood density varied little (0.44 to 0.45 g cm -3 ) between soil classes ( Figure 5 ). Site quality did not influence the basic wood density of Eucalyptus grandis (Retief et al., 1997) , confirming the results found in this paper. On the other hand, an exponential relationship was found between basic wood density and tree volume ( Figure 6 ). Hence, higher tree growth positively influence basic density, regardless of soil type, which is in according to another report (Zobel & Buijtenen, 1989) , who found increased wood density for eucalypt while tree growth rate increases. The increase in wood density is due to greater fiber length, with thicker cell walls (Ferreira, 1972; Shimoyama & Barrichelo, 1991) , which could be a consequence of higher water and nutrient uptake (Florsheim et al., 2000) .
The mean contents of holocellulose, extractives and total lignin showed different behaviors depending on soil type and tree DBH (Figure 7 ). Holocellulose and total lignin contents were related to soil type, and contents of extractives did not vary between soil types and DBH values. The holocellulose content increased about 4% between the sandy-textured and the very clayey soil, while total lignin content decreased about 3%. Considering that holocellulose and total lignin in association with empty spaces determine basic wood density, it is deduced that these opposite range of wood contents justify the lack of range to mean basic wood density concerning to soil types. As found for wood productivity, the holocellulose and total lignin contents were exponentially related to soil clay content (Figure 8 ). The holocellulose content increased while the lignin content decreased as the clay content increased, which is directly related to soil water availability. Water availability regulates the production of photoassimilates by means of the degree of stomatal opening (Larcher, 1975; Kozlowski, 1982) . Therefore, as higher is soil water availability as higher are cambium metabolism and photoassimilate yield (Kriedemann & Cromer, 1996) , such as holocellulose. The wood formation increases with cambium activity, since it requires higher synthesis of xylem vessels and fibers (Ridoutt & Sands, 1994) , a process strongly in-fluenced by water availability in eucalypt trees (Zahner, 1968) . Lignin is a key component for water transport in vascular tissue, then important for plant adaptation to water stress (Kriedemann & Cromer, 1996) . So, under water constraints, there should be higher lignin production, as in the present study, either to increase tree water conductivity (Kriedemann & Cromer, 1996) and to reinforce tree structure, protecting it from the penetration of external agents (Davin & Lewis, 2000) , such as pests and diseases. Screened pulp yield was exponentially related to soil clay content (Figure 9 ). Screened pulp yield increased up to clay contents between 350 and 400 g kg -1 , similar to results found for MAI and wood mass. Retief et al. (1997) found an exponential relation between screened pulp yield and site index, a variable closely related to soil texture.
The increase in screened pulp per hectare was also exponentially related to clay content (Figure 10 ). Based on the fitted equation, the clayey-and very clayey-textured soils (mean clay content of 470 g kg -1 ) yielded on average 10% more screened pulp per hectare than loamy soils (mean clay content of 250 g kg -1 ), and these 55% more than sandy-textured soils (mean clay content of 8 g kg -1 ). This pulp yield increase can be explained by the increase in holocellulose content and decrease in lignin content, which were also correlated with the clay content. Otherwise, screened pulp yield was not correlated with basic wood density and may have been positively influenced by the reduction in lignin content (Barrichelo & Brito, 1983) as the soil clay content increased. 
